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life established
itself on Earth quickly
(as soon as it could?)

Earth

Life

4.5 now1234

?

[billion years]

Moon 10 times closer  tides 1000 times larger:
2m  2 km tides,   8 hour day

no ozone, lots of UV





Quantifying the impact frustration of life 
using the Moon as a bombardometer

Moon

Earth

Maher & Stevenson 1988
Sleep & Zahnle 1998

"…the Earth will likely suffer ~ 10 impacts by 
objects more massive than any that strike 

the Moon."   Hartman et al 2000

If Byrnes (2007) is right about
a near side megabasin

(D ~ 6000 km) then ~10 impacts
could have frustrated biogenesis

on the early Earth
~500 km
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“Finding a Second Sample of Life on Earth"
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Chapter 10

The Moon

~1700 km



Apollo Landing Sites

Dalrymple (1991)



Cohen 2007
See also

The dearth of impact ages > 4 Ga among lunar meteorites and 
within the Apollo and Luna collections implies that all of the basins
including those in the Pre-Nectarian Period were produced in the 

same narrow window of time  3.85-4.05 Ga. (Kring poster)

"A few have older ages  [than ~3.9] (Bogard 2005) 
though not enough to suggest a heavy bombardment earlier."

Swindle et al 2005



4.0 – 3.8 today

Impact rate

Late Heavy Bombardment?

Heavy Bombardment

4.5

"What are the real constraints on the existence and magnitude of the late
heavy bombardment?" Chapman, Cohen and Grinspoon 2007

"Megaregolith evolution and cratering cataclysm models  - Lunar cataclysm as a 
misconception (28 years later)"    Hartmann 2003

Ryder 2003, 2003



Cumulative crater densities (D > 20 km) inside basins (D> 300 km) 
are from Wilhelms 1987, Table 8.2, Fig. 8.6, Table 9.3 and Fig 9.22

Crater diameters are from Wood 2004, Impact Basin Database



ti = tnec  + (ρi - ρnec)/R

tnec nowti 

R = (ρSPA - ρnec) / (tSPA- tnec)

tSPA 

ρSPA    >     ρi             >       ρnec

We used crater densities to assign relative ages, which are then 
assigned absolute ages based on three assumptions about the ages

 of Imbrium, Nectaris and SPA



Rate

Rate

integral of rate (= cumulative flux)

integral of rate

high rate           steep slope

low rate           shallow slope
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3.75
3.85

544
520



Orien Imb     dt Nec     dt       SPA
3.75 3.85   0.05 3.9     0.1        4.0

3.85    0.1 3.95     0.25      4.1
3.85    0.25 4.1      0.3       4.4

Number of craters with D> 20 km per 106 km2

16        27                        79                    215
Orien    Imb    R       Nec    R       SPA

1040             1360
520                 544
208                 453

R = (ρSPA - ρnec) / (tSPA- tnec)



correct R

R  too high

R  too low

∆t



saturation 
incompleteness

factor of 2 or 3 is size
of correction for oldest
Pre-Nectarian basins



Wilhelms 1987

Incompleteness increases for older basins:

Incompleteness
corrections steepen
earliest part of plot





How big does an impactor have to be before
it will sterilize the earth and "frustrate life"?
Ryder's vision of LHB has no life sterilizing impacts
after the Moon forming impact

Chixulub 65 Mya was diameter ~10 km
energy goes as mv2

mass goes as diameter3

so a 100 km diameter impactor would have
1000 times the energy

Due to gravitational focusing and larger target size and
higher surface gravity and therefore higher impact velocities
flux on Earth is ~20 times higher.  (Hartmann 199?)
Maher and Davidson 1988 cite 250 km diameter impactor
Making an 850 km diameter crator "might sterilize the
whole planet including the ocean bottoms"

"..the Earth will likely suffer ~ 10


